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Schemes S1-S3 Scheme S1. Synthesis of the (E)-and (Z)-pyridinyl vinyl keto transfer group.
Scheme S2. The functionality transfer reaction using FT-ODN-S1 and RNA1, and the click reaction with biotin-N 3 or FAM-N 3 .
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Figures S1-S8 Figure S2 . Determination of E-to Z-ratio by 
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Experimental
Preliminary experiments using FT-ODN (1) prepared using the pyridinyl ethynyl keto derivative (5). The modification of 6-thio position of ODN (1) was performed using 100 M of ODN1 and 500 M of the alkylating agent (5) in 25 mM carbonate buffer at pH 10 and r.t. for 10 min. After dilution of the mixture, the transfer reaction was performed using 6 M of FT-ODN1, 5 M of RNA1, 50 mM HEPES buffer, 100 mM NaCl, 0.6 M NiCl 2 at pH 7.4 and 37 °C. The reaction progress of the modification of ODN1 and the transfer reaction to RNA1 (rC) were followed by HPLC ( Figure S1 ). HPLC conditions; column: SHISEIDO C18, 4.6 x 250 mm, solvents, A: 0.1M TEAA, B: CH 3 CN, B 10 % to 30 % /20 min, 30 % to 100 % /25 min, linear gradient; flow rate at 1.0 ml/min, UV monitored at 254 nm.
Model study using 6-thio-2'-deoxyguanosine (6-thio-dG) and determination of (E)-and (Z)-isomer by 1
H-NMR
The compound 9 was synthesized according to the literature. 1 IR 3297, 3163, 2954 1 IR 3297, 3163, , 2929 1 IR 3297, 3163, , 2858 1 IR 3297, 3163, , 1650 1 IR 3297, 3163, , 1603 1 IR 3297, 3163, , 1582 1 IR 3297, 3163, , 1555 1 IR 3297, 3163, , 1390 1 IR 3297, 3163, , 1257 175.0, 153.0, 147.7, 140.0, 130.0, 88.1, 83.8, 72.2, 63.1, 40.8, 26.1 (3C) A solution of 6 (12 mg, 0.047 mmol) in MeOH (0.4 mL) was added to a solution of 9 (20 mg, 0.039 mmol) and triethylamine (16 μL, 0.118 mmol) in MeOH (0.4 mL) under an argon atmosphere at room temperature. After stirring for 30 min, the mixture was diluted with CHCl 3 (10 mL), washed saturated aqueous NH 4 Cl (10 mL). The aqueous phase was extracted with CHCl 3 (10 mL2). The combined organic phase was washed with brine (10 mL), dried over Na 2 SO 4 , and evaporated. The residue was chromatographed on a silica gel column (FUJI SYLISIA FL60D, 5 g, Hex-AcOEt = 1:1, v/v) to give 10 and 11 as yellow viscous oil (22 mg, 0.033 mmol, 86 %). The E-to Z-ratio (10/11) was determined by 1 H-NMR ( Figure S2 ).
Mixture of 10 and 11: IR 3320, 3195, 2952 IR 3320, 3195, , 2930 IR 3320, 3195, , 2896 IR 3320, 3195, , 2858 IR 3320, 3195, , 1660 IR 3320, 3195, , 1595 IR 3320, 3195, , 1546 IR 3320, 3195, , 1507 , 1462 cm 
Confirmation of the modified position of RNA1
The modified RNA1 was isolated and subjected to MS/MS analysis using the following conditions. An
Acquity UPLC H-Class TUV system (Waters, Milford, MA, USA) fitted with an Acquity BEH C18 column Figure S4 , clearly indicating that rC is modified as expected.
Determination of the structure of the product of the functionality transfer reaction
To determine the structure of the modified cytidine, the transfer reaction was performed using the corresponding DNA1, 5' AGAAAGGAGAA-C-AAAG., in which rC represents the target dC. The reaction was performed using 15 M of (E)-FT-ODN1 and 10 M of DNA1 in the buffer 50 mM HEPES and 100 mM NaCl, 1 mM NiCl 2 at pH 7 and 37°C. The modified DNA substrate was purified, S8 freeze-dried, and subjected to reduction in a carbonate buffer (25 mM, pH 10) containing 100 mM NaBH 4 for 30 min at room temperature. The reaction mixture was neutralized with acetic acid and purified by HPLC. The reduced DNA substrate was diluted with ten-times diluted BAP buffer, followed by the addition of bacterial alkaline phosphatase (BAP, 0.05 u/L), nuclease P1 (0.08 u/L) and venom phosphodiesterase (VPDE, 0.01 u/L). The mixture was incubated for 60 min at 37 °C, and analyzed by HPLC using the following conditions ( Figure S5 ). HPLC conditions: column, SHISEIDO CAPCELL PAK C18, TYPE MG; flow rate: 1 mL/min; solvent A = 50 mM HCOONH 4 , solvent B = CH 3 CN, 10 % to 55 % /20 min, 55 % to 100 % /25 min, linear gradient, monitored at 254 nm. The peak corresponding to the modified dC was confirmed by ESI-MS and comparison by HPLC co-injection with the authentic sample ( Figure S5 ). 
Synthesis of the authentic sample of the modified-dC 3-Oxo-3-(pyridin-2-yl)propanenitrile
3-Amino-1-(pyridin-2-yl)propan-1-ol (S3-2)
LiAlH 4 (657 mg, 17.11 mmol) was added into a solution of the above product (500 mg, 3.42 mmol) in THF (30 mL) at 0 °C under an argon atmosphere. The reaction mixture was heated to 80 °C under reflux. After 4 h, the reaction mixture was cooled to 0 °C, followed by the addition of water (3 mL) and 10 % aqueous NaOH (1.5 mL). The resulting precipitates were filtrated through a Celite pad and the filtrate was evaporated to dryness to give S3-2 as a brown foam (494 mg). The product was used for next step without further purification.
Synthesis of the authentic adduct (S3-4)
S3-2 (126 mg) was added into a solution of S3-3 (202 mg, 0.277 mmol) in MeOH (3 mL) at room temperature. After stirring at room temperature for 1.5 h, the solvent was removed under reduced pressure to give a brown crude product, which was purified by flash column chromatography C-NMR (125 MHz, CD 3 OD) δ (ppm) 165.6, 164.9, 158.5, 149.2, 141.1, 138.8, 123.7, 121.7, 97.0, 88.8, 87.5, 72.8, 72.1, 62.8, 41.9, 38.4(2C 
Kinetic analysis of the functionality transfer reaction using RNA1(rC) and (E)-FT-ODN1
The reaction within the DNA/RNA duplex was analyzed as the first-order reaction using the initial duplex concentration of 4.5 M as the reactive duplex formed with (E)-FT-ODN1, and the rest (0.5 M)
as the nonreactive one formed with (Z)-FT-ODN1. The HPLC peak of rC-modified RNA1 was quantified and the half-life (t 1/2 s) of the reaction was obtained, then the first-order rate constant (k 1 ) was calculated by the equation (1). The k 1 values were obtained at the different temperature (15, 20, 25, 30 and 35°C) and in the presence of different concentrations of NiCl 2 (0, 1, 2, 3, 4, 5, 15 M). The obtained rate constants (k 1 ) were subjected to Arrhenius plot, and the E a value was obtained by the equation (2).
, H ‡ and S ‡ were obtained by the Eyring equation (3)- (7). Figure S7 summarizes the Arrhenius plots. Table S2 summarizes the kinetic parameters, which are expressed in the bar graph in Figure 5 .
k 1: the first-order rate constant, t 1/2 : half-life
E a : activation energy, R: gas constant, R = 8.314 J K -1 mol
h: the Planck constant, h = 6.626 x 10 -34 J·s,
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